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The NASA suppor ted  Space Program a t  U.C.L,A. i s  now 

i n  i t s  e i g h t h  y e a r .  T h i s  year  t h e  NASA s u s t a i n i n g  Grant  

was funded a t  $300,000 f o r  t h e  P h y s i c a l  Sc iences  and $150,000 

f o r  t h e  B i o - s c i e n c e  program. D u r i n g  t h i s  p e r i o d  109 f a c u l t y  

have p a r t i c i p a t e d ,  as p r i n c i p a l  i n v e s t i g a t o r s ,  i n  t h i s  program. 

I n  t h e  l a s t  t h r e e  y e a r s  16 s t u d e n t s  have earned Ph.D1s and 33 

have earned M a s t e r ' s  Degrees t h r o u g h  r e s e a r c h  s u p p o r t e d  under 

t h i s  g r a n t .  

Many p r o j e c t s  wh ich  began as seed ing  p r o j e c t s  under t h i s  

g r a n t  have grown i n t o  i n d i v i d u a l  p r o j e c t s  s u p p o r t e d  by t h e  Army, 

A i r  Fo rce ,  A E C ,  NSF, and o t h e r  NASA o f f  i c e s ,  s t a t e  governments,  

Depar tments o f  t h e  Federa l  Government and p r i v a t e  i n d u s t r y .  

Our NASA b u i l t  Space Sc ience Center  houses t h e  B r a i n  

Research I n s t i t u t e ,  and t h e  Atmospher ic  Research L a b o r a t o r y ,  

a l o n g  w i t h  n i n e  o t h e r  resea rch  f a c i l i t i e s .  

U,C.L,A.'s Space Program has p l a y e d  a  l e a d i n g  r o l e  i n  t h e  

development o f  NASA programs and i s  now l o o k i n g  toward  t h e  

e n v i r o n m e n t a l  sc iences  and t h e  use o f  space techno logy  as 

a  means o f  s o l v i n g  some o f  man1s e n v i r o n m e n t a l  p rob lems.  

Members o f  t h e  Space Committee a l o n g  w i t h  l e a d e r s  i n  

i n d u s t r y  and e x p e r t s  i n  t h e  a r e a  o f  env i ronmen ta l  sc iences  a r e  

a c t i v e l y  p u r s u i n g  t h e  c r e a t i o n  o f  a new program wh ich  wou ld  

l e a d  t o  a d o c t o r a l  degree i n  Env i ronmen ta l  Sc ience and E n g i n e e r i n g .  



The emphasis w i l  1 be p laced  i n  p roduc ing  graduates who w i l  l 

have a  b road l y  based background which w i l  1 a1 low them t o  se rve  

as expe r t s  on env i  ronmental p r o b l  ems, and consul  t a n t s  t o  govern- 

ment and i n d u s t r y  i n  de te rm in ing  the  e f f e c t s  o f  products  and 

d e c i s i o n s  on t h e  pub1 i c  sec to r .  

We a r e  c o n f i d e n t  t h a t  t h e  d i r e c t i o n  toward environmental  

technology w i l l  be a  major  c o n t r i b u t i o n  t o  man, N A S A  and t o  t h e  

U n i v e r s i t y .  



CRYSTAL GROWING LABORATORY 

H. Bommel , G, C .  Kennedy, J .  Haygar th  and W .  F. L i b b y  448694 

We a r e  a c t i v e l y  t r y i n g  t o  d e v i s e  a  l a b o r a t o r y  p r e s s  

w h i c h  w i l l  e x e r t  a  m i l l  i o n  atmospheres p r e s s u r e  on a volume 

o f  a b o u t  one c u b i c  c e n t i m e t e r .  We be1 i e v e  t h a t  i t  w i  1 1  r e -  

q u i r e  diamonds t o  r e p l a c e  t h e  t u n g s t e n  c a r b i d e  used a t  p r e s e n t  

i n  t h e  p i s t o n s  and c y l i n d e r s ,  and a t  t h e  moment o u r  ma in  o b j e c -  

t i v e  i s  t o  f i n d  a  m a t e r i a l  t o  b i n d  t h e  diamonds. 

Some yea rs  ago i t  was d i s c o v e r e d  i n  o u r  l a b o r a t o r i e s  

(A.J. D a r n e l l ,  1964, Ph.D. t h e s i s )  t h a t  t h e r e  i s  a  p a r t i c u l a r l y  

s i m p l e  r e l a t i o n  between t h e  p r e s s u r e  a t  w h i c h  diamond l a t t i c e  

s o l i d s  c o l l a p s e  t o  t h e  denser  m e t a l l i c  t i n  l a t t i c e  and t h e  

e l e c t r o n  energy gap f o r  t h e  diamond l a t t i c e  c r y s t a l s ,  ( ' E l e c t r o n  

energy gap '  i s  t h e  minimum energy needed t o  promote va lence  

e l e c t r o n s  t o  t h e  l o w e s t  c o n d u c t i o n  l e v e l s . )  Thus i f  t h e  

e l e c t r o n  energy gap were 2 v o l t s ,  then t h e  p r e s s u r e  wou ld  be  

equal t o  1 v o l t  d i v i d e d  by  t h e  volume change p e r  mole on c o l  l a p s e  

o f  t h e  l a t t i c e  t o  t h e  m e t a l l i c  form,  p r o p e r  a t t e n t i o n  b e i n g  

g i v e n  t o  u n i t s ,  For  a  2 v o l t  energy gap i n  a  s o l  i d  s u f f e r i n g  a  

1 c c / m o l e  decrease i n  volume on compression f rom t h e  diamond t o  

t h e  m e t a l l i c  t i n  l a t t i c e ,  a  p r e s s u r e  o f  180,OOO atm, wou ld  be 

r e q u i r e d .  T a b l e  I i s  a c o m p i l a t i o n  o f  t hese  d a t a ,  From t h i s  

a n a l y s i s  i t  i s  c l e a r  t h a t  diamond w i t h  an energy gap o f  5 , 6  

e l e c t r o n  v o l t s  would r e y u i  r e  some 3 ,000 ,060  a t m ,  t o  collapse t o  

t h e  t i n  form. I n  T a b l e  11 a r e  l i s t e d  t h e  e l e c t r o n  energy gaps 



o f  t h e  v a r i o u s  diamond l a t t i c e  s o l  i d s ,  From these  d a t a  o n l y  

c u b i c  BN, boron n i t r i d e ,  m i g h t  be expec ted  t o  r e q u i r e  a  h i g h e r  

p ressu re .  

T h e r e f o r e  i t  i s  o u r  i n t e n t  t o  l e a r n  t o  bond diamond o r  

c u b i c  bo ron  n i t r i d e .  I f  we succeed i n  making a m a t r i x  o f  

diamond w i t h  some b i n d e r  (ana logous t o  coba l  t i n  t u n g s t e n  c a r b i d e )  

i t  wou ld  be used t o  b u i l d  a p r e s s  t h e  i n n e r  s u r f a c e s  o f  w h i c h  a r e  

bonded diamond. T h i s  s u r f a c e  wou ld  be  encased by bonded t u n g s t e n  

c a r b i d e  and f i n a l l y  by t h e  usua l  h i g h  s t r e n g t h  s t e e l s .  I n  t h i s  

way we hope t o  move f o r w a r d  i n t o  t h e  genera l  p r e s s u r e  range o f  

a  m i l l  i o n  atmospheres. T h i s  wou ld  f u r t h e r  open t o  e x p e r i m e n t a l  

i n v e s t i g a t i o n  t h e  who le  a r e a  o f  t h e  p r o p e r t i e s  o f  m a t t e r  under  

ex t reme p r e s s u r e s ,  and shed more 1 i g h t  on t h e  n a t u r e  o f  p l a n e t a r y  

i n t e r i o r s  w h i c h  a t t a i n  p r e s s u r e s  o f  m i l l  i ons  o f  atmospheres, 

Q u i t e  p o s s i b l y  t h i s  a p p a r a t u s  wou ld  a l l o w  us t o  work  on t h e  

a t o m i c a l l  y  degenera te  dense me ta l  1 i c  s t a t e  o f  m a t t e r  l o n g  supposed 

t o  e x i s t  i n  t h e  i n t e r i o r  o f  J u p i t e r .  



TABLE 1 

Comparison o f  t he  PAV Work f o r  t h e  

Semiconduct ing M e t a l l i c  T r a n s i t i o n  w i t h  E 

o f  t he  Semiconductor [Jamieson (29)  1 4 

Substance 

Sn 

InSb 

G e 

S i 

GaA s 

C 

GaSb 

AlSb 

InAs 

InP 

Trans i t  ion  
Pressure 

( k i  l o b a r s )  



TABLE I 1  

Energy Gap o f  Semiconductors w i t h  t h e  Diamond 

o r  Z inc-B lende S t r u c t u r e  ( e . v . )  

- - 

I v 111-v 1 1 - V I  I - V I I  

Sn( r a y )  1 InSb CdTe 
0 .0  0.18 1.45 

GaA s ZnSe 
1.4 2 . 6  

CuBr 
2.9 

C (diamond) BN 
6 10 



PHYSICAL VAPOR DEPOSITIONS OF ALLOYS 

D r .  R. F. Bunshah 

A l l o y s  a r e  p repared  by p h y s i c a l  vapor  d e p o s i t i o n  t e c h -  

n i q u e s ,  i . e . ,  by e v a p o r a t i o n  o f  t h e  a1 l o y s  c o n s t i t u e n t s  f r o m  

s i n g l e  o r  m u l t i p l e  sources  f o l l o w e d  by c o n d e n s a t i o n  on a  

s u i t a b l e  s u b s t r a t e .  I n  t h i s  manner, s i m p l e  shapes 1 i k e  shee t ,  

t ubes ,  e t c . ,  can be produced d i  r e c t l y  as c o n t r a s t e d  t o  t h e  more 

common r o u t e  o f  c a s t i n g  f o l  lowed by  f a b r i c a t i o n .  P r e v i o u s  

w o r k  has shown t h a t  h i g h  p u r i t y  m a t e r i a l  w i t h  ve ry  f i n e  g r a i n  

s i z e s  can be produced by p h y s i c a l  vapor  d e p o s i t i o n  processes .  

The work  i s  i m p o r t a n t  s c i e n t i f i c a l l y  because i t  i s  a  new 

way t o  p r e p a r e  and s t u d y  u l t r a  f i n e  g r a i n  s i z e  m a t e r i a l s .  Tech- 

n o l o g i c a l l y ,  i t  shou ld  l e a d  t o  a l l o y s  w i t h  v e r y  h i g h  s t r e n g t h s ,  

roughness and p o s s i b l e  w i t h  s u p e r p l a s t i c  b e h a v i o r  f o r  use  a t  

amb ien t  and e l e v a t e d  tempera tu res .  

S t a r t  o f  t h e  work  a w a i t s  d e l  i v e r y  o f  o t h e r  a p p a r a t u s ,  and 

hence no  graduate  s t u d e n t s  a r e  w o r k i n g  on i t  a t  t h i s  t ime.  

MAGNETICALLY SHIELDED TEST FACILITY 

Paul J .  Coleman, J r .  and Rober t  C .  Snare 

1 .  D u r i n g  t h e  r e p o r t i n g  p e r i o d  t h e  f a c i l  i t y  c o n t i n u e d  t o  

house an  O G O - 5  t y p e  magnetometer.  T h i s  i n s t r u m e n t  was a  spare  

f l  i g h t  u n i t  f o r  a  s p a c e c r a f t  wh ich  was launched March 4, 1968. 



The i n s t r u m e n t  and t h e  s h i e l d e d  room a r e  used t o  s i m u l a t e  

s p a c e c r a f t  anomal i es .  

D u r i n g  t h i s  same t ime ,  we have used t h e  f a c i l  i t y  i n  t h e  

development  o f  new c i r c u i t r y  and t o  t e s t  magnetometer b read -  

boards.  We a l s o  used t h e  room t o  p e r f o r m  p r e l  i m i n a r y  e v a l u a t i o n  

o f  sensors  f o r  t h e  ATS-F magnetometer i n s t r u m e n t .  

2. The m a g n e t i c a l l y  s h i e l d e d  room p r o v i d e s  a  s t a b l e  a r e a  

r e l a t i v e l y  f r e e  o f  magnet ic  f i e l d s  f o r  t h e  i n v e s t i g a t i o n  o f  

magne t i c  phenomena. 

3. The f a c i l  i t y  p r o v i d e s  a  s t a b l e ,  l o w - f i e l d  a r e a  i n  w h i c h  

t o  e v a l u a t e  s c i e n t i f i c  i n s t r u m e n t s  and s p a c e c r a f t  hardware,  

4. The g radua te  s t u d e n t s  i n v o l v e d  w i t h  t h e  f a c i l  i t y  a r e  L a r r y  

Sharp and J .  D a l e  B a r r y .  

DISSOCIATION OF H2 BY ELECTRON IMPACT: PRODUCTION OF H+ 
AND METASTABLE H ATOMS 

D r .  A.U. H a z i ,  D r .  M. F. F e l s  44861 4 

T h i s  p r o j e c t  i n v o l v e s  a  t h e o r e t i c a l  i n v e s t i g a t i o n  o f  t h e  

s c a t t e r i n g  o f  e l e c t r o n s  f rom m o l e c u l a r  hydrogen,  i n  wh ich ,  by 

d i s s o c i a t i o n  o f  t h e  m o l e c u l e ,  a t o m i c  hydrogen i n  t h e  2s s t a t e  

i s  formed, Two r e l e v a n t  exper iments  have been r e p o r t e d  - -  they  

d i s a g r e e  w i t h  r e s p e c t  t o  t h e  energy d i s t r i b u t i o n  o f  t h e  p r o d u c t s .  

I n  a d d i t i o n  t o  c a r r y i n g  o u t  a c a l c u l a t i o n  o f  t h e  c r o s s  s e c t i o n  



f o r  t h i s  p r o c e s s ,  we hope e v e n t u a l l y  t o  be a b l e  t o  e x p l a i n  t h e  

d i s c r e p a n c y  between t h e  two exper iments .  

I n  o r d e r  t o  c a l c u l a t e  t h e  c r o s s  s e c t i o n  f o r  e  + H - e  + H 

(ZS),  one needs f i r s t  t o  d e t e r m i n e  w h i c h  d i s s o c i a t i n g  s t a t e s  

o f  H p a r t i c i p a t e  i n  t h e  r e a c t i o n .  The p o t e n t i a l  c u r v e s  2 

f o r  t h e s e  s t a t e s ,  i f  n o t  a l r e a d y  known, must be c a l c u l a t e d  so 

t h a t  t h e  s c a t t e r i n g  wave f u n c t i o n s  f o r  d i s s o c i a t i n g  Hz ( i n  t h e  

Born  - Oppenheimer a p p r o x i m a t i o n )  may be  found. Some o f  t h e  

p a r t i c i p a t i n g  s t a t e s  a r e  d o u b l y  e x c i t e d  a u t o i o n i z i n g  s t a t e s ;  

we a r e  p r e s e n t l y  c a l c u l a t i n g  t h e  p o t e n t i a l  c u r v e s  o f  t h e s e  u s i n g  

t h e  method s t a b i l  i z a t i o n .  

The method o f  s t a b i l  i z a t i o n  i s  a  p o w e r f u l  t o o l  f o r  f i n d i n g  

t h e  e n e r g i e s  o f  a u t o i o n i z i n g  s t a t e s .  I n  t h e  c o u r s e  o f  t h i s  

p r o j e c t  we w i l l  c o n t i n u e  t o  i n v e s t i g a t e  t h e  a b i l i t y  o f  t h e  

method t o  p r e d i c t  p r o p e r t i e s  o t h e r  t h a n  t h e  energy ;  e .g. ,  t h e  

1 i f e t i m e  f o r  a u t o i o n i z a t i o n  and o t h e r  modes o f  decay. 

The p r o j e c t  d e s c r i b e d  i n  P a r t  I o f  t h i s  r e p o r t  i s  p a r t  

o f  an ex tens  i v e  program under taken  t o  s t u d y  r e a c t i v e  p rocesses  

i n v o l v i n g  i s o l a t e d  mo lezu les .  From t h e  t h e o r e t i c a l  p o i n t  o f  

v iew,  a  comp le te  u n d e r s t a n d i n g  o f  t h e  hydrogen m o l e c u l e  i s  o f  

s p e c i a l  impor tance because i t  i s  t h e  s i m p l e s t  n e u t r a l  m o l e c u l e  

known. Fo r  t h i s  reason:  ( i )  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  

e l e c t r o n i c  s t r u c t u r e  and t h e  r e a c t i v i t y  o f  H2 i s  p r e r e q u i s i t e  

f o r  t h e  s tudy  o f  more compl i c a t e d  m o l e c u l e s  ( i  i )  w i t h  p r e s e n t l y  

a v a i l a b l e  f o r  H2  w h i c h  i s  ve ry  h e l p f u l  i n  d e v e l o p i n g  a v a l  i d  



t h e o r e t i c a l  model f o r  r e a c t i v e  processes  i n v o l v i n g  mo lecu les ,  

The g radua te  s t u d e n t  i n v o l v e d  i n  t h i s  p r o j e c t  was M r .  

Shu r -J  i n  Tsay. 

SUPERTHERMAL BEAM STUDIES 

R. K. B. H e l b i n g  

Super thermal  beam s t u d i e s  i n  t h e  energy range o f  1.5 eV 

t o  abou t  30 eV (and h i g h e r  i f  needed) a r e  p lanned.  The proposed 

r e s e a r c h  i n c l u d e s  t h e  p r o d u c t  i o n  o f  super thermal  beams v i a  

charge-exchange and t h e  development  o f  a  genera l -use ,  l o w - n o i s e  

d e t e c t o r  f o r  super the rma l  beams, A m o l e c u l a r  beam a p p a r a t u s  

w i l l  b e  c o n s t r u c t e d  f o r  m o l e c u l e - m o l e c u l e  c o l l i s i o n  measurements 

( t o t a l  and d i f f e r e n t i a l  c r o s s  s e c t i o n s ) .  E l a s t i c  s c a t t e r i n g  as  

w e l l  a s  i n e l a s t i c  and r e a c t i v e  s c a t t e r i n g  w i l l  be  s t u d i e d ,  I n  

p a r t i c u l a r  t h e  s t u d y  o f  i n t e r m o l e c u l a r  p o t e n t i a l s  and c l o s e l y  

r e l a t e d  c o l l  i s i o n  processes  i s  emphasized (e. g. t h e  p h y s i c a l  

s t a t e s  [ o r b i t i n g ,  complex f o r m a t i o n ,  e t c .  1 p r i o r  t o  and i n c l u d i n g  

chemica l  r e a c t i o n s ,  cha rge  t r a n s f e r ,  i o n  p r o d u c t i o n ,  d i s s o c i a t i o n ,  

e x c i t a t i o n ,  e t c . ) .  S i n c e  t h e  b i n d i n g  e n e r g i e s  i n  mo lecu les  a r e  

t y p i c a l l y  i n  t h e  energy range ment ioned above, one expec ts  de- 

t a i l e d  i n f o r m a t i o n  on chemica l  r e a c t i o n s  i n  v a r i o u s  s tages  o f  

p roceed i ng. 



S p e c i a l  equipment t o  be  b u i l t  i n c l u d e s  v a r i o u s  t ypes  o f  

t he rma l  and super thermal  beam sources ,  s p e c i a l  v e l o c i t y  s e l e c t o r s ,  

and d e t e c t o r  equipment.  Low n o i s e  a m p l i f i e r s ,  l o c k - i n  d e t e c t i o n  

d e v i c e s ,  m u l t i p l  i e r s ,  and o t h e r  s p e c i a l  i z e d  e l e c t r o n i c  e q u i p -  

ment w i l l  be e i t h e r  bought  o r  b u i l t .  

METHODS OF ORBIT DETERMINATION AND INTEGRATION: CURRENT 
WORK ON ICARUS AND JUPITER'S SATELLITES I X  AND X I 1  

Samuel H e r r i c k  448630 

We have m a i n t a i n e d  o u r  c o n t i n u o u s  s t u d y  o f  I c a r u s  and 

J u p i t e r  sa te1  1 i t e s  I X  and X I 1  d u r i n g  t h e  p a s t  s i x  months. The 

m o t i o n s  o f  t h e s e  m i n o r  p l a n e t s  a r e  used as an o r b i t  l a b o r a t o r y  

f o r  s p e c i f i c  r e s e a r c h  p r o j e c t s ,  and a l s o  f o r  t h e  i n s t r u c t i o n  o f  

g radua te  s t u d e n t s ,  i n  t h e  f o l  l o w i n g  manner: We secu re  by pe rsona l  

c o n t a c t  and cor respondence a c c u r a t e ,  d i f f i c u l t - t o - o b t a i n  d a t a  

f rom a p p r o p r i a t e  o b s e r v a t o r i e s .  These a r e  s e n t  t o  us  immed ia te l y  

f o r  c a r e f u l  a n a l y s i s ,  i n t e g r a t i o n ,  and c o n s t a n t  c o r r e c t i o n  so 

t h a t ,  on t h e  b a s i s  o f  r e f i n e d  and a c c u r a t e  o r b i t  p r e d i c t i o n  t h e  

p l a n e t s  i n  q u e s t i o n  can be m a i n t a i n e d  under  o b s e r v a t i o n .  F i f t e e n  

y e a r s  o f  c o n s t a n t  work  by  t h e  P r i n c i p a l  I n v e s t i g a t o r  have been 

necessary  t o  make f u l l  use o f  I c a r u s '  l a s t  c l o s e  approach t o  t h e  

e a r t h  i n  June 1968; s c i e n t i f i c  r e s u l t s  o f  t h i s  work  a r e  o n l y  

now b e g i n n i n g  t o  be ready f o r  pub1 i c a t i o n .  

T h i s  work  o f  r e f i n i n g  methods and f o r m u l a e  f o r  a c c u r a t e  



o r b i t  d e t e r m i n a t i o n  i s  s f  p r i m e  impor tance  i n  c a l c u l a t i n g  

t r a j e c t o r i e s  o f  s p a c e c r a f t  e s p e c i a l  1 y  where rendezvous o f  

two c r a f t  i s  r e q u i r e d .  I t  i s  p r o b a b l y  t h a t  o n l y  a  u n i v e r s i t y  

r e s e a r c h  env i ronment  c o u l d  p r o v i d e  t h e  g r e a t  l e n g t h s  o f  t i m e  

necessary  t o  c o m p i l e  and p a i n s t a k i n g l y  r e f i n e  t h i s  o r b i t a l  da ta .  

Four  o f  t h e  s e v e r a l  g radua te  s t u d e n t s  i n v o l v e d  w i t h  t h i s  

p r o j e c t  were f i n a n c i a l l y  a i d e d  by  t h i s  s u b - g r a n t  i n  t h i s  r e p o r t  

p e r i o d .  George C .  T i f f a n y  J r .  w i l l  f i n i s h  h i s  work  f o r  t h e  

Ph.D. i n  1970. 

CHEMICAL LASER STUDIES I N  EXPLOSION SYSTEMS 

J.  V .  Kasper 448669 

Two p r o j e c t s  a r e  b e i n g  suppor ted  i n  p a r t  by  t h i s  g r a n t .  

One o f  t h e s e  i s  t h e  s t u d y  o f  t h e  p r o d u c t i o n  and subsequent r e -  

l a x a t i o n  o f  v i b r a t i o n a l  l y  e x c i t e d  hydrogen, D ischa rges  i n  

hydrogen have l o n g  been a  s u b j e c t  o f  i n t e r e s t ,  b u t  t r a d i t i o n a l  

measurements o f  t h e  c o n c e n t r a t i o n  o f  a t o m i c  hydrogen canno t  d i f -  

f e r e n t i a t e  between energy o f  a t o m i c  r e c o m b i n a t i o n  and v i b r a t i o n a l  

energy.  I n  some p r e l  i m i n a r y  exper imen ts  we have d i r e c t l y  observed 

t h a t  a p p r o x i m a t e l y  2% o f  t h e  hydrogen i s  v i b r a t i o n a l l y  e x c i t e d .  

The a p p a r a t u s  used,  w h i c h  measures c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  

v i  b r a t  iona 1 s t a t e s  o f  hydrogen and concen t  r a t  i o n  o f  hydrogen 

atoms u s i n g  vacuum u l  t r a - v i o l e t  a b s o r p t i o n  spec t roscopy ,  i s  b e i n g  



m o d i f i e d  t o  p e r m i t  more a c c u r a t e  measurements. We t h e n  e x p e c t  

t o  c l a r i f y  t h e  e f f e c t s  o f  v a r i o u s  d i s c h a r g e  c o n d i t i o n s  on t h e  

v i b r a t i o n a l  e x c i t a t i o n  o f  hydrogen. 

E q u a l l y  i m p o r t a n t  i s  t h e  r e a l i z a t i o n  o f  hydrogen b o t h  i n  

t h e  gas phase and a t  v a r i o u s  s u r f a c e s .  A 1  though t h e r e  a r e  some 

v e r y  good t h e o r e t i c a l  s t u d i e s  o f  de-exc i t a t  i o n  o f  e x c i t e d  

hydrogen by  hydrogen atoms, t h e r e  i s  a  comp le te  l a c k  o f  exper  i - 

menta l  d a t a  c o n c e r n i n g  t h i s .  We hope t o  p r o v i d e  some much needed 

d a t a .  

The r e s u l t s  o f  t h i s  work  a r e  t e c h n o l o g i c a l l y  i m p o r t a n t  be-  

cause o f  t h e  c u r r e n t  impor tance o f  t h e  l a s e r .  The N2-C02-He 

l a s e r  i s  undoub ted ly  one o f  t h e  most p o w e r f u l  and i m p o r t a n t  

l a s e r s  developed.  D i s c h a r g e  e x c i t a t i o n  o f  t h e  n i t r o g e n  i s  t h e  

c r u c i a l  f i r s t  s t e p  i n  i t s  o p e r a t i o n .  I t  i s  h i g h l y  p o s s i b l e  t h a t  

o t h e r  l a s e r s  based on t h e  i n i t i a l  e x c i t a t i o n  o f  hydrogen may 

r e s u l t  f r om o u r  s t u d i e s .  Data on energy t r a n s f e r  i n  H2 i s  a l s o  

o f  ext reme impor tance t o  o u r  knowledge o f  t h e  b e h a v i o r  o f  r o c k e t  

p r o p e l l e n t s  w h i c h  c o n t a i n  hydrogen. 

M r .  R.F .  Hechner 111, a  g radua te  s t u d e n t ,  i s  i n v o l v e d  i n  

t h i s  p r o j e c t .  

The second p r o j e c t  r e p r e s e n t s  one a s p e c t  o f  o u r  s t u d y  o f  

r e a c t i o n s  s u i t a b l e  f o r  pumping chemica l  l a s e r s .  We a r e  con- 

s t r u c t i n g  an  a p p a r a t u s  w h i c h  w i l l  use  t h e  o u t p u t  o f  a  chemica l  

l a s e r  t o  p robe i n  d e t a i l  t h e  i n s t a n t a n e o u s  b e h a v i o r  o f  r e l a t e d  

chemica l  systems. A p p r o p r i a t e  computer programs w i 1 l be used 



b o t h  t o  i n d i c a t e  w h i c h  exper imen ts  shou ld  be pe r fo rmed  and t o  

a i d  i n  t h e  i n t e r p r e t a t i o n  o f  e x p e r i m e n t a l  r e s u l t s .  

The s t u d i e s  shou ld  h e l p  t o  d e t e r m i n e  e x a c t l y  when t h e  

energy o f  a  chemica l  r e a c t i o n  i n i t i a l l y  appears  and what happens 

t o  t h i s  energy l a t e r .  Such i n f o r m a t i o n  shou ld  p e r m i t  t h e  improve- 

ment o f  e x i s t i n g  chemica l  l a s e r s  and a i d  i n  t h e  development  o f  

new l a s e r s ,  as we1 1 a s  p r o m o t i n g  a  b e t t e r  u n d e r s t a n d i n g  o f  

severa  1 combust i o n  processes.  

M r .  James Campbel l , a g radua te  s t u d e n t ,  and M r .  Dan Tenen, 

an  underg radua te ,  a r e  a s s i s t i n g  t h e  research .  

A I R  POLLUTION RESEARCH 

R. Kopa 

The y i e l d  o f  n i t r i c  o x i d e  f rom a  c o n s t a n t  volume combust ion  

o f  t h r e e  d i f f e r e n t  f u e l s  and a i r  was i n v e s t i g a t e d ,  The combust ion  

exper imen ts  were c a r r i e d  o u t  i n  a  r e a c t i o n  vesse l  made e i t h e r  o f  

p y r e x ,  p y r e x  c o a t e d  w i t h  carbon,  s t a i n l e s s  s t e e l ,  o r  b l a c k  i r o n .  

The c o n c e n t r a t i o n  o f  n i t r i c  o x i d e  i n  p r o d u c t s  was i n d e p e n d e n t l y  

de te rm ined  by  use  o f  Sal tzman reagen t  and t h e  e l e c t r i c  c o n d u c t i v i t y  

method, a  p rocedure  deve loped on t h i s  p r o j e c t .  The p r e s s u r e - t  ime 

h i s t o r y  o f  t h e  combust ion  p r o c e s s ,  w h i c h  i s  i n d i c a t i v e  o f  t h e  

f lame speed, t o t a l  e n e r g y - r e l e a s e ,  and o f  t h e  peak (mixed mean) 



combust ion temperature,  was recorded f o r  each run by a  p ressu re  

t ransducer  and a high-speed Sanborn s t r  i p - c h a r t  recorder .  A 

conven t iona l  spark  p l u g  was used t o  i g n i t e  t h e  m ix tu res .  A l l  

f u e l s  were combusted a t  s t o i c h i o m e t r i c  r a t i o  and a t  i d e n t i c a l  

i n i t i a l  c o n d i t i o n s  (p,  T) .  The exper imenta l  da ta  accumulated 

t o  d a t e  i n d i c a t e  t h e  f o l  l ow ing  t r ends :  

1 )  The h ighes t  y i e l d  o f  n i t r i c  ox ide  was ob ta ined  

f rom t h e  combust i on  o f  hydrogen (about  2000ppm) 

and t h e  lowest  f rom the  combustion o f  methane 

(about  500ppm). Carbon monoxide y i e l d s  about  

1200ppm. The same peak p ressure  (about  6 atm) 

r e s u l t e d  d u r i n g  exp los ion  o f  each o f  these gases. 

2)  The h i g h e s t  y i e l d s  f o r  each f u e l  was ob ta ined  i n  

py rex  (and carbon-coated py rex )  r e a c t  ion vessel  s. 

The lowest  y i e l d s  occur red  i n  b l a c k  i r o n  vesse ls .  

The d i f f e r e n c e  depended on t he  type  o f  f u e l  and was 

l a r g e s t  f o r  hydrogen (about  30%) and sma l l es t  f o r  

carbon monoxide ( i n s i g n i f i c a n t ) .  

3 )  The most c o n s i s t e n t  da ta  were ob ta ined  w i t h  methane 

and t he  l e a s t  c o n s i s t e n t  w i t h  hydrogen. The v a r i a t i o n  

i n  t h e  l a t t e r  case was by two o rde rs  o f  magnitude. 

(S ince  the  pressure-  t ime h i s t o r i e s  and t h e  ene'rgy 

re l ease  as we1 1 as t he  peak combustion temperature 

should be t h e  same i n  t h e  case o f  t he  maximum (2QOOppm) 

as w e l l  as t h e  minimum (-20ppm) y i e l d  o f  n i t r i c  ~ x i d e ) .  



Th is  extreme range o f  y i e l d s  o f  n i t r i c  ox ide  from 

hydrogen-ai  r combust ion  i s  o f  i n t e r e s t  and deserves 

f u r t h e r  i n v e s t i g a t i o n .  

These exper iments a r e  aimed a t  reduc ing  the  emission o f  

n i t r i c  o x i d e  by i n t e r n a l  combustion engines,  a  pr ime source o f  

smog p roduc ing  a i  r po l  l u t a n t s .  

CHEMICAL ANALYSIS OF THE SOLAR WIND (LAUNDRY BAG) 

D. L a l ,  W .  F. L i b b y ,  and D ,  S .  Se th i  448635 

The p r o j e c t  t o  c o l l e c t  t he  heav ie r  and l e s s  abundant 

elements o f  t h e  So la r  Wind f o r  chemical a n a l y s i s  i n  a  manner 

analogous t o  t h a t  employed on Apol l o  1 1  f o r  hydrogen and 

he1 ium has been s u b s t a n t i a l l y  acce le ra ted  by t h e  apparent  suc- 

cess o f  Apol l o  1 1 .  

Our f i n d i n g  t h a t  aluminum i s  t he  bes t  m a t e r i a l  f o r  t h e  

cap tu re  o f  t h e  Wind (D. La1 , W.  F. L i bby ,  G. W e t h e r i l l ,  J. 

Leventhal  and G. D. A l t o n ,  C o l l e c t i n g  a  sample o f  the  s o l a r  w ind:  

an exper imenta l  s tudy o f  i t s  cap tu re  i n  metal  f i l m s ,  J,  o f  Appl ,  

Phys., 40, 3257-(1969) has l e d  us t o  concen t ra te  on p r e p a r i n g  

u l t r a p u r e  aluminum. Our approach has been t o  c a r e f u l l y  p u r i f y  

aluminum t r i -  i s o b u t y l  , a  metal l o - o r g a n i c  compound. Then, thermal 

decomposi t ion o f  t he  p u r i f i e d  aluminum a1 k y l  causes meta l1  i c  

aluminum t o  be depos i ted ,  The o n l y  i m p u r i t i e s  1 i k e l y  a r e  those 



e lements  c o n t a  i ned  i n  t h e  i s o b u t y l  compound, ca rbon  and hydrogen;  

b u t  t h e s e  a r e  n o t  expec ted  t o  be any p rob lem s i n c e  we p l a n  t o  

a n a l y z e  by n e u t r o n  a c t i v a t i o n ,  a t e c h n i q u e  i n s e n s i t i v e  t o  b o t h .  

Thus i t  seems t h a t  we may have a  method f o r  p r o d u c i n g  a  me ta l  1 i c  

aluminum f i l m  s u f f i c i e n t l y  p u r e  f o r  t h e  n e u t r o n  a c t i v a t a b l e  

e lements  t o  a l l o w  u s  t o  d e t e c t  and a n a l y z e  t h e  S o l a r  Wind f o r  

t h e s e  e lements.  

Such a  f i l m  wou ld  be dep loyed e i t h e r  on t h e  s u r f a c e  o f  t h e  

moon, on wh ich  t h e  Wind presumably impinges f r e e l y ,  o r  i n  an 

o r b i t i n g  s a t e l l  i t e .  I f  i t  were p o s s i b l e  t o  p r e p a r e  aluminum 

c o n t a i n i n g  no more t h a n  10 -I3 grams o f  sodium p e r  gram o f  aluminum, 

then  a  f i v e  f o o t  square  shee t  o f  p l a s t i c  c o a t e d  w i t h  a  2 m i l  t h i c k  

l a y e r  o f  aluminum wou ld  c o l  l e c t  adequate  w ind  i n  one day. T h i s  

c a l c u l a t i o n  assumes t h a t  t h e  c o m p o s i t i o n  o f  t h e  S o l a r  Wind i s  

t h e  same as  t h a t  o f  t h e  sun as g i v e n  i n  s t a n d a r d  t a b l e s  ( 2  X 

atoms o f  Na p e r  atom o f  H ) .  

The f i l m  wou ld  t h e n  be r o l l e d  up, p l a c e d  i n  a  c o n t a i n e r ,  

b r o u g h t  back  t o  e a r t h ,  and p l a c e d  w i t h o u t  open ing  i n t o  an a t o m i c  

r e a c t o r .  I n  t h i s  way t h e r e  i s  no chance o f  t h e  f o i l s  b e i n g  

con tamina ted  b y  hand1 i n g  o r  t h e  e a r t h ' s  atmosphere. Thought 

i s  now b e i n g  g i v e n  t o  a l u m i n i z i n g  t h e  p l a s t i c  s u r f a c e s  i n  space. 

W i t h  a  sample o f  t h e  Wind a s  d e s c r i b e d  above some 16  

24 d i s i n t e g r a t i o n s  p e r  m i n u t e  o f  r a d i o a c t i v e  Na c o u l d  be p r o -  

2 duced by  t h e  use o f  a  h i g h  f l u x  r e a c t o r  ( l o 1  n e u t r o n s l c m  I s e c )  

i n  a  r a d i a t i o n  l a s t i n g  a few days, (The MTR r e a c t o r  a t  A R C O ,  



Idaho ,  cou ld  g i v e  severa l  t imes t h i s  f l u x ) .  F o l l o w i n g  t h i s  

i t  would be necessary t o  d i s s o l v e  t h e  m a t e r i a l s ,  c h e m i c a l l y  

separate  them from o t h e r  r a d i o a c t i v i t i e s ,  and then t o  measure 

them i n  a  s e n s i t i v e  low l e v e l  coun te r .  

We have had some conve rsa t i on  w i t h  one o r  two aerospace 

companies about  t h e  mechanics o f  m a i n t a i n i n g  a  sheet o f  aluminum 

i n  o r b i t  pe rpend i cu la r  t o  t he  d i r e c t i o n  o f  t he  So la r  Wind and 

recanning i t  w i t h o u t  con tamina t ion .  A l though t h i s  w i l l  i n v o l v e  

some d i f f i c u l t y ,  we foresee no unsurmountable obs tac les .  

The main problem a t  t h i s  p o i n t  i s  t o  o b t a i n  u l t r a p u r e  

aluminum f o r  neu t ron  a c t i v a t a b l e  elements t o  which sodium ox ide  

adheres as a  l e a d i n g  member. D r .  Se th i  I s  work, and t h e  a t t emp t ,  

i f  successfu l  , w i  1 1  be f o l  lowed by a  proposal  t o  NASA headquarters.  

R A D I O  REFLECTIONS BY FREE RADICALS 

W. F. L i bby ,  J.D. Bar ry ,  P .J .  Coleman, and L. M. L i bby  448692 

I n  t h i s  study,  we a r e  a t t e m p t i n g  t o  show t h a t  a  s a t e l l i t e  

borne swept f requency top  s i d e  ionosounder, such as t h a t  on the  

A l o u e t t e  11 s a t e l l  i t e ,  may be used t o  o b t a i n  i n fo rma t i on  con- 

c e r n i n g  many o f  t he  c o n s t i t u e n t s  o f  the  E a r t h ' s  upper ionosphere. 

The secondary s i g n a l s  o f t e n  de tec ted  i n  t he  ionosounder ionogram 

data  a t  f requenc ies  below the  e l e c t r o n  gyrofrequency a r e  s t imu-  

l a t e d  by t he  sounder - t ransmi t ted  pu l se ,  and we have determined t h a t  

t h e  w a v e - p a r t i c l e  i n t e r a c t i o n  reg ion  i s  w i t h i n  about  100 meters 



f r o m  t h e  sa te1  1 i t e .  

We have suggested t h a t  t h e  secondary s i g n a l s  r e s u l t  f o r  

s t i m u l a t e d  t r a n s i t i o n s  w i t h i n  t h e  e l e c t r o n i c  h y p e r f i n e  Zeeman 

s t r u c t u r e  o f  f r e e  r a d i c a l s  i n  t h e  plasma near  t h e  sa te1  l i t e .  

The a t o m i c  s p e c i e s  i n v o l v e d  a r e  i d e n t i f i e d  by i t  t o  t h e  t h e o r e t i c a l  

v a l u e s  f o r  t h e  v a r i o u s  m e t a s t a b l e  s t a t e s .  Two main  peaks i n  o u r  

2 
g  v a l u e  d i s t r i b u t i o n s  a r e  t e n t a t i v e l y  i d e n t i f i e d  w i t h  N (  D3,p) 

+ 3  and N ( P2) s t a t e s .  The v a r i a t i o n s  between day and n i g h t  d a t a  

tend t o  c o n f i r m  these  l a b e l s .  

The main  c o n s i d e r a t i o n  now i s  t h e  w a v e - p a r t i c l e  i n t e r a c t i o n  

p rocess  i n  t h e  plasma. 

Graduate s t u d e n t s :  J. D. B a r r y  - work  was p a r t  o f  Ph. D .  

- Space P h y s i c s  (1969) .  

GROWTH OF ORGANISMS UNDER HIGH CONCENTRATION OF C02 

W .  F. L i b b y  and J .  Seckbach 448696 

The q u e s t i o n  o f  t h e  p o s s i b i l i t y  o f  l i f e  on Venus seems t o  

t u r n  on  whe the r  p l a n t s  can 1 i v e  i n  a  C02 atmosphere. 

Growth i n  p u r e  C02 a t  one atmosphere p r e s s u r e  i n  a  h o t  

a c i d  medium has been demonst ra ted  f o r  t h e  a l g a  

C a l d a r i u m  o b t a i n e d  f rom t h e  Y e l l o w s t o n e  h o t  s p r i n g s .  I n  f a c t ,  

a t  40°C t o  50°C i n  p u r e  C02 and an a c i d  medium (ph=2) ,  t h e  g rowth  

i s  more r a p i d  than f o r  a e r a t e d  c e l l s  a t  room tempera tu re  and i n  

a n e u t r a l  medium ( c f ,  F i g ,  I ) ,  



I n  a  p u r e  C02 env i ronment  a c c e l e r a t e d  growth  o c c u r r e d  

a t  40" t o  5 0 " ~  w h i l e  i t  was i n h i b i t e d  a t  l o w e r  tempera tures .  

A t  t h e s e  e l e v a t e d  tempera tu res  t h e  c e l l s  a r e  l a r g e r  and more 

numerous t h a n  t h e  c o n t r o l  c e l l s ,  and have h i g h e r  c h l o r o p h y l l  

c o n t e n t  p e r  volume o f  suspension.  E l e c t r o n  m i c r o s c o p i c  

examina t i on  o f  t h e s e  c e l l  s  r e v e a l  s  c o n s p i c u o u s l y  l a r g e  c h l o r o -  

p l a s t s  w h i c h  may occupy most o f  t h e  c y t o p l a s m i c  volume. Oxygen 

d e t e r m i n a t i o n  showed t h a t  t h i s  c u l t u r e  has a  p h o t o s y n t h e t i c  

v a l u e  (02  e v o l u t i o n  + r e s p i r a t i o n )  abou t  t r i p l e  t h a t  o f  t h e  

a e r a t e d  c e l l s .  The amount o f  C and H  d e t e c t e d  f o r  b o t h  

l y o p h i l  i zed  c e l l s  was s i m i l a r  w h i l e  t h e  ash  showed much l o w e r  

l e v e l s  o f  t h e  t e s t e d  e lements o v e r  t h e  c o n t r o l .  

These s t u d i e s  c o n s t i t u t e  t h e  f i r s t  r e p o r t  t o  o u r  knowledge 

c o n c e r n i n g  c e l l  g rowth  i n  p u r e  C02 e n v i  ronment,  and have s p e c i a l  

i n t e r e s t  because t h e  Venus atmosphere i s  e x t r e m e l y  r i c h  i n  C O T  

Our exper imen ts  a t  h i g h e r  p r e s s u r e s  have j u s t  begun and no con- 

c l u s i v e  r e s u l t s  a r e  i n  hand. However s u b j e c t i o n  t o  50 atmospheres 

d i d  n o t  k i l l  t h e  a l g a  and they  resumed t h e i r  normal r a p i d  g rowth  

a t  one atmosphere. F o r  v a r i o u s  t e c h n i c a l  reasons as y e t  un- 

r e s o l v e d  t h e  q u e s t i o n  o f  g rowth  a t  t h e  h i g h  p r e s s u r e  remains 

unanswered. We hope t o  have t h i s  answer i n  t h e  n e x t  r e p o r t .  

Our system o f  g row ing  a l g a e  under  p u r e  C02 may have many 

new b i o l o g i c a l  app l  i c a t i o n s  wh ich  we hope t o  i n v e s t i g a t e .  



Hot Acid Medium 
Carbon Dioxide 



PLASMA S T U D I E S  

W.F. L i b b y ,  L .  Wood 

The w o r k  suppor ted  by  t h i s  s u b - g r a n t  d e a l s  w i t h  t h e  

p h y s i c s  and c h e m i s t r y  o f  h i g h  energy d e n s i t y  p rocesses ,  

w i t h  emphasis on u n d e r s t a n d i n g  t h e  n a t u r e  and p r o p e r t i e s  

o f  dense, h i g h  tempera tu re  plasmas. Plasmas b e i n g  v e r y  s t r o n g  

e l e c t r o m a g n e t i c  f o r c e  f i e l d s  o n t o  a  smal l  (e.g. few c u b i c  i n c h )  

volume o f  gas w h i c h  i s  t o  be s t u d i e d ;  t h e  h i g h - c u r r e n t  d i s c h a r g e  

forms i n  t h i s  volume a t  t empera tu res  de te rm ined  by mass f l o w  

and e l e c t r o m a g n e t i c  power f l u x  o n t o  t h e  r e g i o n .  The plasmas 

a r e  t y p i c a l  and u l t r a v i o l e t  l i g h t  o u t p u t s  a r e  s t u d i e d  i n  d e t a i l ,  

t o  d e t e r m i n e  t h e  n a t u r e  o f  t h e  v a r i o u s  e l e c t r o n i c  p rocesses  oc-  

c u r r i n g  i n  t h e  i o n i z e d  gas system, 

Plasmas o f  t h e  t y p e  b e i n g  s t u d i e d  i n  t h e s e  r e s e a r c h  a reas  

a r e  o f  t h e  c o m p o s i t i o n ,  d e n s i t y  and tempera tu res  o f  t h e  s o l a r  

pho tosphere ,  chromosphere and 1 ower corona;  on improved under -  

s t a n d i n g  and more d e t a i l e d  e l u c i d a t i o n  1 i g h t - p r o d u c i n g  l a y e r s  

o f  t h e  s o l a r  a tmosphere,  and t h e r e f o r e ,  o f  how t h e  sun c o n t r o l s  

t h e  t e r r e s t r i a l  atmosphere. 

The b a s i c  t e c h n o l o g i c a l  j u s t i f i c a t i o n  f o r  plasma s t u d i e s  

i s  d o u b t l e s s  t h e  c o n t r i b u t i o n s  such i n v e s t i g a t i o n s  make t o  

t h e  u l  t i m a t e  s o l u t i o n  o f  t h e  c o n t r o l  l e d  the rmonuc lea r  f u s i o n  

prob lem,  w h i c h  h o l d s  t h e  p romise  o f  v i r t u a l l y  f r e e ,  i n e x h a u s t i b l e ,  

c l e a n  power p r o d u c t i o n .  Academic ian P e t e r  K a p i t y a  o f  t h e  S o v i e t  



Union has ,  f o r  i n s t a n c e ,  v e r y  r e c e n t l y  announced some r e s u l t s  

o f  h i t h e r t o  s e c r e t  work  i n  w h i c h  v e r y  dense, m u l t i - m i l l i o n  

degree d e n t e r i u m  plasmas were c o a t e d  and s u s t a i n e d  f o r  hours  

by  r a d i o  f requency  techn iques  b a s i c a l l y  v e r y  s i m i l a r  t o  t h o s e  

employed i n  t h i s  resea rch ;  h i s  p l a n s  f o r  f u t u r e  research ,  w h i c h  

shou ld  b r i n g  h im v e r y  c l o s e  t o  economic f u s i o n  power p r o d u c t i o n ,  

i n v o l  ve e x p e r i m e n t a l  approaches even more s  i m i  l a r  t o  those  

employed and b e i n g  p repared  f o r  employment by  us. 

M r .  R i c h a r d  D a v i s  i s  t h e  UCLA g radua te  s t u d e n t  p r i m a r i l y  

i n v o l v e d  a t  p r e s e n t  i n  t h e s e  s t u d i e s .  

LOW-LIGHT LEVEL I M A G I N G  INSTRUMENTATION 

R, Mackey 

We a r e  i n v e s t i g a t i n g  an image scann ing  t e c h n i q u e  f o r  

o b s e r v i n g  t h e  s p a t i a l  d i s t r i b u t i o n  o f  a  r a d i o a c t i v e  subs tance 

( t r i t i u m )  s e l e c t i v e l y  absorbed i n  o r g a n i c  t i s s u e .  

The system c o n s i s t s  o f  a  b e t a  p a r t i c l e  e n e r g y - t o - 1  i g h t  

t r a n s d u c e r  w h i c h  i s  o p t i c a l l y  coup led  t o  a  l o w - n o i s e  h i g h - g a i n  

image i n t e n s i f i e r .  The image t h u s  produced i s  d i s p l a y e d  on a  

t e l e v i s i o n  m o n i t o r  o r  photographed w i t h  a  h i g h  s e n s i t i v i t y  f i l m .  

As an  i n t e r m e d i a t e  s t e p ,  a  s low-scan v i d i c o n  image tube  was 

o p e r a t e d  under  c o n d i t i o n s  wh ich  v a r i e d  i n  tempera tu re ,  t a r g e t  

v o l t a g e ,  and p e r i o d  o f  i n t e g r a t i o n  i n  o r d e r  t o  d e t e r m i n e  t h e  



paramete rs  o f  optimum per fo rmance.  

The t e c h n i q u e  worked o u t  i n  t h i s  f e a s i b i l  i t y  s t u d y  

reduces t h e  t i m e  r e q u i r e d  f o r  a u t o r a d i o g r a p h s  f r o m  days t o  

m inu tes .  T h i s  work  s h o u l d  be o f  i n t e r e s t  t o  p h a r m a c o l o g i s t s  

who need t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  d r u g s  and t h e i r  

b r e a k  down p r o d u c t s  t h r o u g h o u t  body t i s s u e .  

One s t u d e n t ,  Gaetan R i c h a r d ,  was suppor ted  by  t h i s  

p r o j e c t ;  he o b t a i n e d  h i s  Ph.D. i n  December 1968. 

SPECIAL REFERENCE TO THE A D V E R S E  EFFECTS OF METEOROLGOICAL 
MANIPULATION : D E V I S I N G  LEGAL AND POLITICAL CONTROLS 

V. More 448631 

As t h e  e x p l o r a t i o n  and use o f  o u t e r  space becomes more 

f r e q u e n t ,  i t  i s  e s s e n t i a l  t o  p r e v e n t  harmful  uses o f  i t  w h i c h  

c o u l d  a f f e c t  b o t h  t h e  t e r r e s t r i a l  and e x t r a - t e r r e s t r i a l  e n v i  ron-  

ment .  The p r e s e n t  p r o j e c t  seeks t o  g r a p p l e  w i t h  t h i s  immensely 

i m p o r t a n t  and u r g e n t  problem. 

The P r o j e c t  f a l l s  i n t o  t h e  f o l l o w i n g  scheme: 

1 )  I n t r o d u c t i o n :  Space techno logy  and law. 

2 )  Conce ivab le  c a t e g o r i e s  o f  ha rmfu l  uses o f  o u t e r  space. 

3 )  A p p r o p r i a t e  space law c o v e r i n g  d i f f e r e n t  c a t e g o r i e s .  

4) M e t e o r o l o g i c a l  m a n i p u l a t i o n  and i n t e r n a t i o n a l  l e g a l  

compl i c a t  i ons .  

5 )  Conc lus ions  and sugges t i ons ,  



D u r i n g  t h e  p e r i o d  f r o m  March 1 ,  1969 t o  September 30, 

1969, a  b i b 1  i og raphy  was p repared  w h i c h  cove red  t h e  d i f f e r e n t  

a s p e c t s  o f  t h e  above, c a t e g o r i z i n g  t h e  p e r t i n e n t  i i t e r a t u r e  

w h i c h  has been surveyed i n  a  p r e l  i m i n a r y  manner and a  rough 

d r a f t  t h a t  has b6en p r e p a r e d  t o  f l e s h  o u t  t h e  s k e l e t o n  s t r u c t u r e .  

T h i s  d r a f t  i s  p r e s e n t l y  b e i n g  perused by D r .  E. A .  E n g l e b e r t ,  

D i r e c t o r ,  MPA Program, UCLA, who i s  s u p e r v i s i n g  t h e  p r o j e c t .  

I t  i s  expec ted  t h a t  i n  t h e  n e x t  academic y e a r ,  i n t e n s i v e  

r e s e a r c h  on t h e  v a r i o u s  a s p e c t s  o f  t h e  research  p r o j e c t  wou ld  

be conducted .  If t i m e  and resources  a r e  a v a i l a b l e ,  i t  wou ld  

be h i g h l y  d e s i r a b l e  t h a t  t h e  p r i n c i p a l  i n v e s t i g a t o r  makes some 

" f i e l d "  t r i p s  t o  i m p o r t a n t  i n t e r n a t i o n a l ,  i n te rgove rnmen t  agenc ies ,  

e s p e c i a l l y  U n i t e d  N a t i o n s ,  n e a r i n g  upon t h e  p r o j e c t .  

RAMAN SPECTROSCOPY OF CALCIUM CARBONATE AT VERY HIGH PRESSURES 

F. N i c o l  44861 8 

T h i s  p r o j e c t  i s  p a r t  o f  an e x t e n s i v e ,  e x p e r i m e n t a l  i n v e s t i -  

g a t i o n  o f  e f f e c t s  o f  v e r y  h i g h  p ressu res  on t h e  s t r u c t u r e s  

and p h y s i c a l  p r o p e r t i e s  o f  s o l  i d s  as  i n d i c a t e d  by t h e i r  v i b r a -  

t i o n a l  s p e c t r a .  The o b j e c t i v e s  o f  t h e  encompassing program ( 1 )  

t o  o b t a i n  a  b e t t e r  u n d e r s t a n d i n g  t o  bond ing  f o r c e s  i n  s o l  i d s ;  

( 2 )  t o  e s t a b l i s h  t h e  mechanisms o f  phase t r a n s i t i o n s  i n  s o l i d s  

under  h i g h  p r e s s u r e s ,  e s p e c i a l  l y  i n  m a t e r i a l s  o f  geochemical  



i n t e r e s t ;  ( 3 )  t o  p r e d i c t  t h e  o c c u r r e n c e  o f  new phases o f  known 

m a t e r i a l s  and c o n d i t i o n s  o f  t h e i r  s y n t h e s i s ;  and ( 4 )  t o  o b t a i n  

Raman v i b r a t i o n a l  s p e c t r a  o f  phases o f  m a t e r i a l s  t h a t  canno t  

be  c o n v e n i e n t l y  s t u d i e d  under o t h e r  l a b o r a t o r y  c o n d i t i o n s ,  

Raman s p e c t r a  m i g h t  be  used t o  d e t e c t  t h e s e  and s i m i l a r  

m a t e r i a l s  i n  h i g h l y  s t r e s s e d  e n v i  ronments, e. g., c r a t e r s  and 

e j e c t a  o f  m e t e o r i t e  i m p a c t s .  

T h i s  p a r t i c u l a r  p r o j e c t  concerns  Raman v i b r a t i o n a l  s p e c t r a  

o f  f o u r  phases o f  t h e  c a l c i u m  c a r b o n a t e  system a t  h i g h  p ressu res .  

Two o f  t h e s e  phases have never  been observed e x c e p t  under  h i g h  

p r e s s u r e  c o n d i t i o n s ,  and t h e ;  r s t r u c t u r e s  a r e  unknown. The 

immediate g o a l s  o f  t h i s  p r o j e c t  a r e  t o  o b t a i n  h i g h  r e s o l u t i o n  

Raman s p e c t r a  o f  t h e s e  phases. We hope t o  b e  a b l e  t o  use t h e s e  

s p e c t r a l  da ta ,  t o g e t h e r  w i t h  o t h e r ,  l i m i t e d  a v a i l a b l e  i n f o r m a -  

t i o n  about  t h e s e  phases and known p r o p e r t i e s  o f  t h e  f a m i l i a r  

a r a g o n i t e  and c a l c i t e  phases, t o  i n f e r  t h e  s t r u c t u r e s  o f  t hese  

two phases. 

A l ready ,  we have succeeded i n  t a k i n g  h i g h  r e s o l u t i o n  

s p e c t r a  f o r  s e v e r a l  d i f f e r e n t  sample o r i e n t a t i o n s ,  and t h e  

c a r e f u l  i n t e n s i t y  s t u d i e s  o f  t h e s e  h i g h  r e s o l u t i o n  s p e c t r a  a r e  

i n  p rog ress .  These c o n f i r m  t h a t  none o f  t h e  l i n e s  t h a t  have 

been i d e n t i f i e d  a r e  a r t i f a c t s .  The p o l a r i z a t i o n  and o r i e n t a t i o n  

s t u d i e s  have j u s t  begun, and i t  i s  t o o  e a r l y  t o  d e t e r m i n e  

whether  they  w i l l  p r o v i d e  u s e f u l  s t r u c t u r a l  i n f o r m a t i o n .  Only 



ve ry  p r e l i m i n a r y  temperature dependence s t u d i e s  have been 

made. I t  i s  t o o  e a r l y  t o  d iscuss r e s u l t s  o f  t h i s  work except  

t o  i n d i c a t e  t h a t  we have shown t h a t  40-Kbar, Raman spec t ra  

can be ob ta ined  f o r  temperatures up t o  2 0 0 ~ ~ .  

I n  a d d i t i o n  t o  Miss Mei Y .  Fong, who w i l l  use t h i s  s tudy  

as p a r t  o f  he r  M a s t e r ' s  Thesis, two o t h e r  graduate s tudents  

and a  p o s t - d o c t o r a l  scho la r ,  a1 1 supported by AEC funds, a r e  

invo lved  i n  t h i s  program. 

RAD 10 ASTRONOMY 

K u r t  W. R iege l  

We a r e  c o n t i n u i n g  work i n  a l a c t i c  r a d i o  astronomy. The 

p r i n c i p a l  da ta  c o n s i s t  o f  21-cm l i n e  p r o f i l e s ,  observed a t  t h e  

Owens Val 1 ey Radio Observatory and t h e  Nat iona l  Radio Astronomy 

Observatory. These da ta  a re  y i e l d i n g  i n fo rma t i on  on t h e  

s t r u c t u r e  o f  t h e  i n t e r s t e l l a r  medium, temperatures and d e n s i t i e s ,  

on a  l arge and a smal l  sca le .  

Maps o f  t h e  i n t e r s t e l l a r  medium i n  t h e  d i r e c t i o n  o f  thermal  

r a d i o  sources have been produced. The p r o p e r t i e s  o f  a  most 

remarkable c o l d  c l oud  i n  t he  d i r e c t i o n  o f  t h e  g a l a c t i c  cen te r  

have been determined. 

Such i n f o r m a t i o n  i s  o f  c r i t i c a l  importance i n  deve lop ing  



r e a l i s t i c  t h e o r i e s  o f  s t a r  f o rma t i on  and o f  t h e  d e t a i l s  o f  

p h y s i c a l  processes t a k i n g  p lace  i n  t h e  i n t e r s t e l l a r  medium. 

Oppor tun i t y  f o r  involvement i n  research was p rov ided  t o  

one o f  ou r  graduate s tudents ,  Steve K i l s t o n ,  a l t hough  no 

ac tua l  s a l a r y  payments were made from t h i s  account.  

ANALYTIC AND EXPERIMENTAL STUDY OF INELASTIC AXISYMMETRIC 
DEFORMATION AND STABILITY OF SPHERICAL SHELLS 

S. B. Roberts 448682 

I n  t h e  f i e l d s  o f  c i v i l  and aerospace eng ineer ing ,  s h e l l  

s t r u c t u r e s  have long p layed  an impor tant  r o l e .  I n  p a r t i c u l a r ,  

they a re  used i n  pressure vesse ls ,  r e e n t r y  v e h i c l e s ,  and dome 

r o o f  s t r u c t u r e s .  I t  i s  we1 1 known t h a t  most r e a l  s t r u c t u r e s  

o f  t h i s  k i n d  exper ience b o t h  e l a s t i c  as w e l l  as i n e l a s t i c  

deformat ions w h i l e  per fo rming  t h e i  r designed f u n c t i o n s .  I n  

o rder  t o  p r o p e r l y  p r e d i c t  t h e i r  behav io r  we must extend our  

knowledge o f  e l a s t i c  response i n t o  the  i n e l a s t i c  domain. To 

t h i s  end we a r e  s p e c i f i c a l l y  s tudy ing  t h e  i n e l a s t i c  l a r g e  de- 

format  ion  behav io r  o f  s p h e r i c a l  she1 1 s  sub jec ted  t o  p ressure  

and concen t ra ted  loads a t  t h e  apex. 

Our computer program has been m o d i f i e d  t o  i nc l ude  t he  

e f f e c t s  o f  i n e l a s t i c  s t r a i n s  i n  t h e  govern ing f i e l d  equat ions 

us ing  t h e  t o t a l  deformat ion theory  o f  p l a s t i c i t y .  The program 

was checked o u t  and a  number o f  i l l u s t r a t i v e  problems were so lved.  



Newton's method i s  used t o  so l ve  t h e  system o f  n o n - l i n e a r  

a l g e b r a i c  equat ions which a r i s e  from the  f i n i t e  d i f f e r e n c e  de- 

compos i t ion  o f  t h e  govern ing d i f f e r e n t i a l  equat ions.  K a n t o r o v i c h ' s  

theorem, which presents  s u f f i c i e n t  c o n d i t i o n s  f o r  t h e  conver-  

gence o f  Newton's method was appl i ed  t o  one converged so l  u t  ion.  

I t  was found t h a t  even though a  converged s o l u t i o n  had been 

obta ined,  t h e  s u f f i c i e n t  c o n d i t i o n s  were no t  s a t i s f i e d .  

Energy cons ide ra t i ons  were a p p l i e d  t o  t h e  ques t i on  o f  

t he  mu l t i - va luedness  o f  t h e  apex load  d e f l e c t i o n  curves.  Resu l ts  

showed t h a t  t he  curves a r e  e i t h e r  s i ng le - va lued ,  mono ton i ca l l y  

i nc reas ing  o r  t r i p l e - v a l u e d  depending upon t h e  geometr ic  

parameter.  These r e s u l t s  correspond w i t h  exper imenta l  obser -  

v a t  ions. 

Work i s  c o n t i n u i n g  on o b t a i n i n g  s t r e s s - s t r a i n  r e l a t i o n -  

sh ips  f o r  the  m a t e r i a l s  used i n  t e s t s  t h a t  a re  repo r ted  i n  t he  

l i t e r a t u r e  and on o b t a i n i n g  t e s t  specimens f o r  our  exper iments.  

M r .  Stephen Wang, as Ph.D. candidate,  has been r e c e i v i n g  

suppor t  under t h i s  g ran t .  I t  i s  planned t h a t  t h i s  work w i l l  

c o n s t i t u t e  h i s  d i s s e r t a t i o n .  

BIOLOGICAL RELATIONSHIPS AND EVOLUTIONARY DEVELOPMENT OF 
PRECAMBRIAN LIFE 

J. W i l l i a m  Schopf 

Stud ies  i n  t h i s  l a b o r a t o r y  a re  p r i m a r i l y  concerned w i t h  



the biological relationships and evolutionary development of 

Precambrian 1 ife ( i .e., organisms existing between 3.2 and 

0.6 bi 1 1  ion years ago). Related studies, currently underway 

or to be initiated in the near future, involve the investigation 

of algal microfossils from the Ordovician of Poland (ca. 475 

million years old), primitive vascular plant fossils from the 

Devonian of Scotland (ca. 400 mi 1 1  ion years old), and lunar 

samples returned by Apollo XI. 

1 ) Lunar Sample Studies. - - -  Five grams of lunar dust, 

and two one-gram rock fragments are being investigated for 

evidence of living, dead or fossil microorganisms. These studies 

involve optical microscopy and transmission and scanning electron 

microscopy, of powdered, embedded, macerated and thin-sectioned 

material. 

2) Extractable Orqanic Matter - in Precambrian Sediments. - - -  
A recently completed study (with I.R. Kaplan and J.W. Smith) 

shows that the concentrations of - n-alkanes, isoprenoids and fat- 

ty acids in ancient sediments are several orders of magnitude 

less than those reported previously, and that major problems are 

encountered in demonstrating the syngenetic nature of these 

compounds; whether such analyses can yield definitive evidence 

of earl y biochemical processes i s therefore uncertain. 

3) Carbon Studies. - - -  In an effort to detect 

possible variations in the carbon cycle over geologic t i m e ,  and 



as a possible indicator of the time of origin of biological 

photosynthesis, Mrs. Dorothy Oehler (graduate student) is 

investigating the carbon isotopic composition (c'~/c'~) of 

cherts, stromatolites, carbonates and organic matter of Pre- 

cambr i an and Phanerozoic age. 

4 )  Paleobioloqy --- of the Belt Superqroup. - - -  Mr. Robert 

Horodyski (graduate student) is completing his first field 

season, collecting and studying stromatolites, sedimentary 

structures and black chert facies of the Late Precambrian Belt 

Supergroup of Montana. Laboratory analyses of this material 

should yield evidence of the paleoecology and paleobiology of 

this sedimentary sequence. 

5) Stromatolites -- from the Bulawayan Group. - - -  Morpho- 

logical, organic geochemical and carbon isotopic studies are 

being carried out (with K.K. Kvenvolden, R.J. Horodyski, and 

D.Z. Oehler) on the oldest algal stromatol ites now known, from 

9 the Early Precambrian (>2.7 x 10 years old) Bulawayan Group 

of Rhodesia. 

6) Microorqanisms -- of the Bitter Sprinqs Formation. - - -  
Mrs. Jan Blacic (graduate student) is investigating the micro- 

flora of the Late Precambrian Bitter Springs Formation of 

central Australia, in an effort to detect new microorganisms, 

and to determine the distribution and paleoecology of various 

members of the biota, 



7 )  Modern and Ordov i c i an  B l  ue-Green - - - To 

i n v e s t i g a t e  t he  occur rence o f  e v o l u t i o n a r y  conservat ism i n  

p r i m i t i v e  p r o c a r y o t i c  microorganisms, M r .  John Oehler  ( g radua te  

s tuden t )  i s  c a r r y i n g  o u t  a  comparat ive morpholog ica l  and b i o -  

chemical s tudy o f  c e l l u l a r l y  preserved Ordov ic ian  a lgae  and 

t h e i r  modern morpholog ica l  coun te rpa r t s  ( v i z .  S c h i z o t h r i x  and 

Lynqbya). M r .  Oehler has succeeded i n  a r t i f i c i a l l y  s i l i c i f y i n g  

( " f o s s  i 1 i z i n g " )  modern a1 gae t o  serve as comparat i v e  ma' ter ia l  

i n  t h i s  o p t i c a l  and e l e c t r o n  mic roscop ic  study.  

8 )  P r i m i t i v e  Vascular  P lan t s .  - - -  Scann i ng e l  e c t  ron 

m ic roscop ic  s tud ies  o f  t h e  vascu la r  s t rands  i n  p r i m i t i v e  

vascu la r  p l a n t s  o f  t h e  Rhynie c h e r t  f l o r a  o f  Scot land,  and a  

comparison o f  these elements w i t h  those present  i n  l i v i n g  p r i m i t i v e  

p l a n t s  (e.g.  Psi  lo tum),  a r e  t o  be c a r r i e d  o u t  by Miss Donna 

F i e l d s  (undergraduate s tudy p r o j e c t ) .  Th is  s tudy may g i v e  some 

i n d i c a t i o n  o f  t h e  n a t u r e  o f  t h e  t r a n s i t i o n  f rom t h a l l o p h y t i c  

organisms t o  t h e  e a r l i e s t  h i g h e r  p l a n t s .  
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